INTRODUCTION
============

G protein-coupled receptors (GPCRs) are a large and diverse group of receptors consisting of seven transmembrane domains with affinity for a multitude of ligands, such as hormones, odorants, and light ([@b19-ajas-29-12-1702]). GPCRs are composed of α-, β-, and γ-subunits, and in humans there are 21 Gα subunits encoded by 16 genes, six Gβ subunits encoded by five genes, and 12 Gγ subunits ([@b6-ajas-29-12-1702]). The Gα subunits have been divided into five different families, specifically Gs, Gi, Gq, G12 ([@b22-ajas-29-12-1702]), and Gv ([@b11-ajas-29-12-1702]). The Gq class is one subfamily of the G protein alpha subunit family and is comprised of four genes: G-protein subunit Galphaq (*GNAQ*), *GNA11*, *GNA14*, and *GNA15* ([@b4-ajas-29-12-1702]; [@b3-ajas-29-12-1702]).

Previous northern hybridization studies confirmed that Galphaq mRNA was highly expressed in human tissues and organs associated with the human reproductive system, including the ovaries, prostate glands, and testes ([@b2-ajas-29-12-1702]). In mice and humans, tissue distribution analysis showed that GNAQ and GNA11 were co-expressed in the liver, heart, muscle, spleen, adipose tissue, brain, and uterus ([@b3-ajas-29-12-1702]). In rat germ cells, immunohistochemistry verified that GQ/11 localized in the seminiferous tubules, and that the somatic cells (Sertoli cells, peritubular cells) contained high concentrations of both Gq/11α mRNA and immunoreactive protein ([@b7-ajas-29-12-1702]). Immunohistochemical analyses have found that Galpha12 is expressed in the cytoplasm of Leydig cells of human testes, as well as in spermatids from the elongating Sb phase to mature sperms ([@b8-ajas-29-12-1702]). Galpha12, Galpha13, and Galpha11 (GNA12, GNA13, and GNA11) also localized in spermatogenic cells and Leydig cells ([@b9-ajas-29-12-1702]). In rat testicular cells, G protein α-subunits and their mRNA were expressed in pachytene spermatocytes, round spermatids, Sertoli cells, and peritubular cells ([@b16-ajas-29-12-1702]). In male rats, GQ/11α subunits were found to be expressed in epididymal adipose tissue ([@b5-ajas-29-12-1702]).

Although the reproductive function of GNAQ in humans and rats has been studied ([Table 1](#t1-ajas-29-12-1702){ref-type="table"}), there is no data available on its status in ruminants, specifically in ruminant epididymis. The objective of this study was to determine the difference between GNAQ mRNA and Gnαq protein expression levels in the caput, corpus, and cauda epididymis and testes of sheep. Here, GNAQ mRNA expression levels were detected by real-time fluorescent quantitative polymerase chain reaction (PCR), and the cellular localization of GNAQ in caput, corpus, and cauda epididymis and testis was examined by immunohistochemistry. Quantitative investigation of the GNAQ protein was analyzed by western blot and quantitative real-time PCR. Our findings may help signify the role of the GNAQ protein in gonad development.

MATERIALS AND METHODS
=====================

Animals
-------

Testes and epididymis were collected from six healthy adult Texel sheep (IACUC\#14-022) with an average body weight of 44.5±0.5 kg at the breeding base of Shanxi Agricultural University.

RNA isolation and cDNA synthesis
--------------------------------

Total RNA was extracted by TRIzol (TaKaRa Bio Co. Ltd., Dalian, China) from the testis, caput, corpus, and cauda epididymis of six sheep according to the method described by [@b21-ajas-29-12-1702]. The total RNA concentrations were quantified using a ND-1000 spectrophotometer (Nanodrop Technologies, Wilmington, DE, USA), and then dissolved in diethylpyrocarbonate-treated distilled water and stored at −80°C until cDNA synthesis. The total RNA of the testis, caput, corpus, and cauda epididymis was reverse transcribed into cDNA using a PrimeScript RT Master Mix Perfect Real Time kit (TaKaRa Bio Co. Ltd., China). The 10 μL reaction mixture contained 2 μL 5× PrimeScript buffer, 1 μL total RNA, and 7 μL RNase-free ddH~2~O. The reaction conditions were 37°C for 15 min, followed by 85°C for 5 s. The reverse transcription product was stored at −20°C until use.

Cloning of partial GNAQ cDNA
----------------------------

The primers were designed and synthesized by using testis and epididymis cDNA. A forward primer (5′-AATCCAGGAATGCTATGAC-3′) and a reverse primer (5′-AGGCACGACTAGACCAGA-3′) were designed based on reference sequences from *Bos taurus* GNAQ mRNA (GenBank accession no. NM_001110002.1). The sheep testes and epididymis cDNA were amplified by PCR using TaKaRa Ex Taq kit (TaKaRa Bio Co. Ltd., China). The 10 μL reaction mixture contained 1.5 μL 10× PCR buffer, 1.2 μL 10 mmol/L dNTP mixture, 0.3 μL TaqDNA polymerase (125 U), 0.6 μL 10 μM random primer, 1 μL template DNA, and 9.8 μL ddH~2~O. The thermal cycler program used consisted of 35 cycles at 94°C for 3 min, 94°C for 10 s, 60°C for 30 s, and 72°C for 30 s. Amplified cDNA were ligated into a *pEASY*-T3 Cloning Vector (TransGen Biotech., Beijing, China) overnight at 4°C. The ligation product of the amplified fragment with the linear vector *pEASY*-T3 was then transformed into Trans1-T1 phage-resistant chemically competent cells (TransGen Biotech., China). Plasmids containing the inserts of interest were sequenced.

Immunohistochemistry analysis of GNAQ in testis and epididymis
--------------------------------------------------------------

Paraffin sections (5 μm) of testis and epididymis were deparaffinized and rehydrated in graded ethanol. The polyclonal mouse anti- GNAQ (Biosynthesis Bio Co., Ltd., Beijing, China) antibody was used for the immunolocalization studies. The deparaffinized sections were incubated with mouse anti- GNAQ diluted 1:100 in 0.01 M phosphate-buffered saline (PBS; pH 7.2) overnight at 4°C. After being washed with PBS, sections were treated with polymerized horseradish peroxidase (HRP)-conjugated secondary antibody (Boster Co. Ltd., Wuhan, China) and streptavidin--biotin complexes (Boster Co. Ltd., China) for 30 min. They were then washed three times with PBS for 5 min each. Immunoreactivity was visualized using 3-diaminobenzidine and examined under microscope. For negative controls, the slides were incubated overnight with non-immune bovine serum (Boster Co. Ltd., China) instead of the primary antibody.

Quantitative real-time PCR
--------------------------

Prior to cDNA synthesis, the total RNA without genomic DNA was diluted to the same concentration. All PCR reactions were performed in duplicate in an Mx3005P real-time thermal cycler (Stratagene, La Jolla, CA, USA) using a SYBR Permix Ex Taq kit (TaKaRa Bio Co. Ltd., China) according to manufacturer instructions. The extracted plasmids containing inserts of the GNAQ fragment were diluted to eight different concentrations in order to construct standard plasmid samples. According to the method used to determine plasmid copy number \[plasmid copy number (copies/μL) = 6.02×10^23^ (copies/mol)×plasmid concentration (g/μL)/(DNA length ×660)\], standard plasmid samples were created according to the copy number in the quantitative PCR reaction (copies/μL): 3.80×10^10^, 3.80×10^9^, 3.80×10^8^, 3.80×10^7^, 3.80×10^6^, 3.80×10^5^, 3.80×10^4^, and 3.80×10^3^. The forward primer (20 nt) of the *GNAQ* gene was 5′-CTCAGA GTTCGAGTCCCCAC-3′, and the reverse primer (20 nt) of the *GNAQ* gene was 5′-AGTTCTGGAACCAGGGATACG-3′. The thermal cycler program consisted of 45 cycles of 95°C for 10 s, and 60°C for 25 s. Quantitative results were calculated according to a standard curve.

Western blot analysis
---------------------

Total protein was extracted from the testis, caput, corpus, and cauda epididymis. Before homogenizing the tissues in Tissue Protein Extraction Reagent (Boster Co. Ltd., China), we supplemented the reagent with phenylmethanesulfonyl fluoride (Boster Co. Ltd., China). After a 30 min incubation at 4°C, samples were centrifuged at 12,000 g for 10 min at 4°C. The supernatant was collected and saved at −80°C until use. Protein concentrations were measured by the bicinchoninic-acid assay method using bovine serum albumin (Solarbio Science & Technology Co. Ltd., Beijing, China) as the standard.

Total protein extracts (100 μg) were separated on sodium dodecyl sulfate polyacrylamide gels and transferred onto nitrocellulose membranes (Boster Co. Ltd., China). The membranes were incubated with primary antibodies against GNAQ (1:300) and rabbit anti-β-actin (1:300) for 2 h at 37°C. After exposure to primary antibodies, the membranes were washed and incubated in HRP-conjugated goat anti-mouse IgG (1:10,000; Boster Co. Ltd., China) and donkey anti-rabbit IgG (1:10,000; Boster Co. Ltd., China) for 1 h at room temperature. The membranes were then washed three times (10 min each) using Tris-buffered saline and Tween 20 \[140 mM NaCl, 20 mM Tris-HCl (pH 7.5), 0.05% Tween 20 (v/v)\], proteins detected using an eECL Western Blot kit (CWBIO Co. Ltd., Beijing, China), and images exposed by FluoChem Q Gel Image Acquisition and Analysis System. All experiments were performed in triplicate.

Statistical analysis
--------------------

All data were analyzed using SPSS 17.0 software program (SPSS Inc., Chicago, IL, USA), and presented as the mean±standard error of mean. A one-way analysis of variance was used to determine statistical differences in the data. All results were expressed as mean±standard deviation and p\<0.05 was considered statistically significant.

RESULTS
=======

Cloning of partial GNAQ cDNA from sheep testes and epididymis
-------------------------------------------------------------

The GNAQ cDNA fragment (672 bp) was detected in sheep testis, caput, corpus, and cauda epididymis. Sequences of this fragment were uploaded to the National Center of Biotechnology Information (GenBank accession number: KP940628). This sequence was compared with those of *Bos taurus*, *Sus scrofa*, *Homo sapiens*, *Mus musculus*, *Rattus norvegicus,* and *Gallus gallus* ([Figure 1A](#f1-ajas-29-12-1702){ref-type="fig"}). The results showed high degrees of homology between species: *Bos taurus* (97.92%), *Sus scrofa* (94.65%), *Homo sapiens* (94.35%), *Mus musculus* (92.57%), *Rattus norvegicus* (91.08%), and *Gallus gallus* (86.22%).

In order to examine the relationships of GNAQ between various organisms, a phylogenetic tree of GNAQ mRNA from sheep and other species were constructed ([Figure 1B](#f1-ajas-29-12-1702){ref-type="fig"}). The topology of the tree demonstrated that the sheep GNAQ mRNA sequence was highly conserved within *Bos taurus* and *Sus scrofa*.

GNAQ protein immunohistochemistry
---------------------------------

GNAQ protein localization in the testis and epididymis was determined by immunohistochemistry. In the testis, GNAQ protein was localized to Leydig cells, spermatogonial stem cells, spermatocytes, Sertoli cells, and spermatid ([Figure 2A](#f2-ajas-29-12-1702){ref-type="fig"}). In caput, corpus, and cauda epididymis, GNAQ expression was detected in principal cells and epididymis interstitial cells ([Figure 2C, 2E, and 2G](#f2-ajas-29-12-1702){ref-type="fig"}).

GNAQ mRNA levels in testis and epididymis
-----------------------------------------

The GNAQ standard curve had a slope of −3.331 (R^2^ = 0.992) and established a measurement amplification efficiency of 99.6% ([Figure 3A](#f3-ajas-29-12-1702){ref-type="fig"}). These results indicated that the quantification method used was effective. [Figure 3B](#f3-ajas-29-12-1702){ref-type="fig"} displays the GNAQ mRNA expression in different tissues (copies/μL): 1.19×10^5^, 4.63×10^5^, 5.06×10^5^, and 2.66×10^5^. A significant difference was observed in the expression levels of GNAQ mRNA in caput and cauda epididymis.

GNAQ protein levels in testis and epididymis
--------------------------------------------

GNAQ protein levels were analyzed by western blot. As shown in [Figure 4A](#f4-ajas-29-12-1702){ref-type="fig"}, the GNAQ protein (42 kDa) was detected in the total protein extracted from caput, corpus, and cauda epididymis and testis. The GNAQ protein levels in the caput and cauda epididymis were significantly greater than those observed in the corpus epididymis (p\<0.01) and testis (p\<0.05) ([Figure 4B](#f4-ajas-29-12-1702){ref-type="fig"}). The GNAQ protein level was consistent with the mRNA expression levels determined from the different sheep.

DISCUSSION
==========

In recent years, the effects of G protein on male reproduction are of high concern. As a family of G proteins, estrogen-associated G protein-coupled receptor 30 (GPR30) was detected in many human tissues, including ovary and prostate ([@b17-ajas-29-12-1702]). Other studies showed that GPR30 had also been found in human ([@b18-ajas-29-12-1702]) and rodent testes ([@b13-ajas-29-12-1702]). These results implied that G protein played an important role in animal reproductive systems. In view of our observations of GNAQ expression in caput, corpus, and cauda epididymis and testes, we speculated that GNAQ may play a role in estrogen signaling associated with germ-cell differentiation, and that this role may be dependent upon the progression stage of the spermatogenic event.

G protein α-subunit family members were first identified using affinity purification ([@b14-ajas-29-12-1702]; [@b15-ajas-29-12-1702]) and molecular cloning strategies ([@b23-ajas-29-12-1702]; [@b24-ajas-29-12-1702]). GNAQ expression has been observed in the spleen, lung, kidney, pancreas, liver, testis, and bone-marrow adherent stromal cells ([@b10-ajas-29-12-1702]; [@b25-ajas-29-12-1702]; [@b26-ajas-29-12-1702]). The results of our study showed that GNAQ mRNA was expressed in caput, corpus, and cauda epididymis and testes, but abundantly expressed in caput and cauda epididymis. Subsequently, semi-quantitative analysis (i.e., western blot) revealed that the level of GNAQ protein expression was similar to that observed for GNAQ mRNA expression. Using northern and western blot techniques, [@b7-ajas-29-12-1702] found that GNAQ mRNA levels were low in germ cells and primarily observed in somatic cells of testis. Additionally, the mRNA expression levels agreed with the observed levels of immunoreactive proteins, which was similar to the results presented here. In human testis, [@b26-ajas-29-12-1702] and [@b2-ajas-29-12-1702] both found evidence of GNAQ mRNA expression.

In male animals, Leydig cells are responsible for testosterone production and secretion ([@b20-ajas-29-12-1702]), we found that in testis, the GNAQ protein localized to Leydig cells, spermatogonial stem cells, spermatocytes, Sertoli cells, and spermatid. This result may provide further evidence that Sertoli cells are involved in regulating spermatogenesis and testicular function ([@b1-ajas-29-12-1702]). Therefore it is possible that GNAQ can affect testosterone production. Furthermore, our results were similar to those outlining protein and mRNA expression in human testis, specifically involving confirmation that GNA12 protein was expressed in the cytoplasm of Leydig cells and mature sperm ([@b8-ajas-29-12-1702]).

Sertoli cells are the major component of blood-testis barrier; its main function is to nourish the developing sperm cells through the stages of spermatogenesis and secret many bioactive factors to affect spermatogenesis. The present studies showed that GNAQ exists in Sertoli cells; therefore it is possible that it can affect the fuction of Sertoli cells. However, the mechanisms involved in the regulation of spermatogonial stem cells, spermatocytes, and spermatid proliferation and differentiation have not been elucidated. Therefore, GNAQ affects testosterone production in male sheep that need for further study.

In summary, the results of present studies demonstrated that GNAQ exists in testis and epididymis. We also showed that GNAQ was necessary for indirect regulation of spermatogenesis by Sertoli cells and principal cells. We have confirmed that sheep GNAQ was widely expressed in the epididymis and testes. Perhaps it can improve ram fertility by affecting spermatogenesis and sperm motility. Hence, we suggest that GNAQ may play an important role in gonad development and sperm maturation. However, the specific mechanisms associated with these functions require further research.
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![(A) Homology analysis of G-protein subunit Galphaq (GNAQ) from different species. GNAQ cDNA sequences of sheep, *Bos taurus*, *Sus scrofa*, *Homo sapiens*, *Mus musculus*, *Rattus norvegicus*, and *Gallus gallus* were analyzed. (B) Phylogenetic analysis of sheep relative to other organism homologues. Sequence alignment of GNAQ cDNA was processed using DNAMAN v6 (Lynnon Biosoft, San Ramon, CA, USA).](ajas-29-12-1702f1){#f1-ajas-29-12-1702}

![Immunohistochemical localization of the G-protein subunit Galphaq (GNAQ) protein within sheep testis and epididymis. (A) Section of normal sheep testis incubated with mouse anti- GNAQ serum. GNAQ protein was localized to Leydig cells (LC), spermatogonial stem cells (SSC), spermatocytes (SC), Sertoli cells (SEC), and spermatid (St). (B) Section of normal sheep testis incubated with normal rabbit serum (C, E, and G). Section of normal sheep caput, corpus, and cauda epididymis incubated with rabbit anti- GNAQ serum. GNAQ protein was localized to principal cells (PC) and epididymis interstitial cells (EC). (D, F, and H) Section of normal sheep caput, corpus, and cauda epididymis incubated with normal mouse serum. (A--H) Magnification, 100×; scale bar, 300 μm.](ajas-29-12-1702f2){#f2-ajas-29-12-1702}

![The GNAQ standard curve and the expression of G-protein subunit Galphaq (GNAQ) mRNA in different tissues. (A) The GNAQ standard curve; (B) the absolute expression of GNAQ mRNA in caput, corpus, and cauda epididymis and testis.](ajas-29-12-1702f3){#f3-ajas-29-12-1702}

![Western blot analysis of G-protein subunit Galphaq (GNAQ) protein expression in the caput, corpus, and cauda epididymis and testis. (A) Western blot results for GNAQ protein in the caput, corpus, and cauda epididymis and testis. (B) Relative GNAQ protein expression levels in caput, corpus, and cauda epididymis and testis. Bars in panel represent the mean±standard deviation (n = 3); ^\*\*^ p\<0.01, ^\*^ p\<0.05.](ajas-29-12-1702f4){#f4-ajas-29-12-1702}

###### 

G proteins α-subunits were expressed in male sex organ

  Genes                   Animals/Humans   Expression
  ----------------------- ---------------- -----------------------------------------------------------------------------
  *GNAQ*                  Human            Ovaries, prostate glands, and testes
  *GNAQ/11*               Rat              Germ cells
  *GNA12*                 Human            Testes
                          Rat              Spermatogenic cells and Leydig cells
  *GNA13*                 Rat              Spermatogenic cells and Leydig cells
  G proteins α-subunits   Rat              Pachytene spermatocytes, round spermatids, Sertoli cells, peritubular cells

*GNAQ*, *G*-protein subunit Galphaq.
